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,Q WKH SUHVHQW VWXG\ $= PDJQHVLXP DOOR\ VKHHWV ZHUH FKHPLFDOO\ WUHDWHG DQG WKHQ FRDWHG ZLWK SRO\FDSURODFWRQH 3&/
QDQRILEHUV E\HOHFWURVSLQQLQJWHFKQLTXH WRIDEULFDWHELRGHJUDGDEOHPDJQHVLXPEDVHGLPSODQWV 3&/ QDQRILEURXV PDWRIDYHUDJH
ILEHU WKLFNQHVV  QP FRYHUHG WKH HQWLUH VXEVWUDWH DIWHU FRDWLQJ :HWWDELOLW\ VWXGLHV FDUULHG E\ FRQWDFW DQJOHPHDVXUHPHQWV
LQGLFDWHG LPSURYHG K\GURSKLOLFLW\ IRU FKHPLFDOO\ WUHDWHG $= GXH WR WKH IRUPDWLRQ RIPDJQHVLXP K\GUR[LGH DQG PRGHUDWH
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:LWWH HW DO  7KH GHJUDGDWLRQ UDWH RI PDJQHVLXP LV UDSLG GXULQJ WKH LQLWLDO KRXUV LQ SK\VLRORJLFDO
HQYLURQPHQW &RQWUROOLQJ WKH UDSLG GHJUDGDWLRQ RI PDJQHVLXP DW HDUO\ VWDJHV RI WLVVXH KHDOLQJ LV HVVHQWLDO LQ
GHYHORSLQJPDJQHVLXPEDVHG LPSODQWV6XUIDFHFRDWLQJRQPDJQHVLXP ZLWKSRO\PHUVRUFHUDPLFV SURYLGHVEHWWHU
FRUURVLRQ UHVLVWDQFH DQG UHGXFHV WKH GHJUDGDWLRQ LQ SK\VLRORJLFDO HQYLURQPHQW DV UHSRUWHG E\ GLIIHUHQW DXWKRUV
6KD\OLQDQG*HRUJH .XQMXNXQMX HWDO  =RPRURGLDQ HW DO 7KHUHDUHGLIIHUHQWPHWKRGVVXFKDV
VSLQ FRDWLQJ GLS FRDWLQJ DQG HOHFWURGHSRVLWLQJ JHQHUDOO\ XVHG WR FRDW D SRO\PHU RU FHUDPLFPDWHULDO RQPHWDOOLF
VXEVWUDWHV$QRWKHUUHFHQWO\GHYHORSHGWHFKQLTXHNQRZQDVHOHFWURVSLQQLQJ FDQ DOVR EHXVHGWRSURGXFHDQGGHSRVLW





$= PDJQHVLXP DOOR\ ([FOXVLYH 0DJQHVLXP +\GHUDEDG ,QGLD VKHHWV RI FKHPLFDO FRPSRVLWLRQ $O
=Q )H 0Q DQG UHPDLQLQJ EHLQJ0J ZHUH FXW WR D VL]H RI îîPPPHWDOORJUDSKLFDOO\






$V UHFHLYHG DQG DQQHDOHG $=PDJQHVLXP DOOR\ VDPSOHV ZHUH PHWDOORJUDSKLFDOO\ SROLVKHG DQG HWFKHG ZLWK
SLFULFDFLGUHDJHQWIRUV DQGPLFURVWUXFWXUDO REVHUYDWLRQVZHUHGRQHXVLQJDQRSWLFDOPLFURVFRSH9HUWLPHW&3
&KHQQDL0HWFR,QGLD :HWWDELOLW\RIWKHVDPSOHVZDVDVVHVVHGE\PHDVXULQJWKHVWDWLFFRQWDFWDQJOHV (DV\'523





7KHVDPSOHVZHUHLPPHUVHGLQVXSHUVDWXUDWHG 6%)î DQGNHSWLQFRQVWDQWWHPSHUDWXUHZDWHUEDWKDW& WR
LQYHVWLJDWH LQYLWUR ELRPLQHUDOL]DWLRQDQGGHJUDGDWLRQEHKDYLRU6XSHUVDWXUDWHGFRQFHQWUDWLRQVKDYHEHHQFKRVHQWR
TXLFNO\DVVHVVWKHUROHRIPLQHUDOL]DWLRQRQWKHGHJUDGDWLRQEHKDYLRURIWKHVDPSOHV7KHLRQFRQFHQWUDWLRQRI6%)
îLVVKRZQLQ7DEOHDQGWKHSUHSDUDWLRQPHWKRGRORJ\LVDVUHSRUWHGE\ .RNXER HWDO  :HLJKWORVV RIWKH
VDPSOHVDWGLIIHUHQWLQWHUYDOVRIWLPHGXULQJWKH LPPHUVLRQWHVW ZDVPHDVXUHG7KHVDPSOHV ZHUH UHPRYHGIURP WKH
6%)DW GLIIHUHQW LQWHUYDOVRI WLPHJHQWO\ZDVKHG LQGHLRQL]HGZDWHUDQGVXEMHFWHG WR GLIIHUHQWFKDUDFWHUL]DWLRQV
&RUURVLRQUDWH &5PP\HDU RIWKHVDPSOHVZDVFDOFXODWHGEDVHGRQWKHZHLJKWORVVZHLJKWORVV ZHLJKWEHIRUH
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:KHUH : LVWKHZHLJKWORVVJ $ LVWKHRULJLQDOVXUIDFHDUHDRIWKHVDPSOHFP 7 LVWKHLPPHUVLRQWLPHK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 5HVXOWVDQGGLVFXVVLRQ
)LJ VKRZV WKH RSWLFDO PLFURVFRSH LPDJHV RI $= 0J DOOR\ UROOHG VKHHWV LQ DV UHFHLYHG DQG DQQHDOHG
FRQGLWLRQV $QQHDOLQJ UHOLHYHV WKH LQWHUQDO VWUHVVHV WKDW DULVH GXULQJ WKH UROOLQJSURFHVV 7KHUH LV DQ LQGLFDWLRQRI
JUDLQ JURZWK DIWHU DQQHDOLQJ WKDW UHVXOWHG LQ HTXLD[HG JUDLQ VWUXFWXUH 3RO\PHU FRDWLQJ ZDV GRQH RQ DQQHDOHG
VDPSOHV DIWHU WKH FKHPLFDO WUHDWPHQW )LJ VKRZV WKH 6(0 REVHUYDWLRQV RI FKHPLFDOO\ WUHDWHG VDPSOH DQG
QDQRILEURXV 3&/FRDWHGVDPSOH7KHJUDLQERXQGDULHV FDQEHFOHDUO\LGHQWLILHGIRU WKHFKHPLFDOO\WUHDWHGVDPSOHV
0RUHRYHU ('6 DQDO\VLV FRQILUPHG WKH SUHVHQFH RI R[\JHQ DORQJ ZLWK PDJQHVLXP LQGLFDWLQJ WKH IRUPDWLRQ RI
PDJQHVLXPK\GUR[LGH OD\HURQWKHVXUIDFHDIWHUFKHPLFDOWUHDWPHQW $IWHUHOHFWURVSLQQLQJ WKHVDPSOH VXUIDFHZDV
FRYHUHGZLWK QDQRILEURXV 3&/FRDWLQJDVVKRZQLQ )LJE
)LJ2SWLFDOPLFURVFRSHLPDJHVRI$=PDJQHVLXPDOOR\DDVUHFHLYHGFRQGLWLRQEDQQHDOHGFRQGLWLRQ




7KHVDPSOHVZHUH DQDO\VHGE\;5'PHWKRG)LJDIWHU LQYLWUR ELRDFWLYLW\WHVWFDUULHGLQ6%)î 7KHSHDNV
ZHUH LGHQWLILHG DQG PDWFKHG ZLWK WKH Į0J DQG WZR SHDNV DW  DQG  LQGLFDWH  DQG 
FU\VWDOORJUDSKLFSODQHVRIWKH3&/UHVSHFWLYHO\ /L HWDO  7KHUHLVQRSURPLQHQWSHDNFRUUHVSRQGLQJWRRWKHU




DQGPDJQHVLXPSKRVSKDWHSKDVHVDVUHSRUWHGE\:DQJ HWDO  ,QWKHSUHVHQWVWXG\SHDNVFRUUHVSRQGLQJWR
+$ DQG PDJQHVLXP SKRVSKDWH ZHUH QRW FOHDUO\ LGHQWLILHG IURP WKH ;5' DQDO\VLV GXH WR WKH ORZHU DPRXQW RI
GHSRVLWHGSKDVHV
)LJ6(0LPDJHVRIWKHVDPSOHV DFKHPLFDOO\WUHDWHGDQG E QDQRILEURXV 3&/FRDWHG$=PJDOOR\
)LJ  ;5'SDWWHUQVRIWKHVDPSOHVDIWHULPPHUVLRQWHVWFDUULHGIRUGD\VLQ6%)î
7KHW\SLFDOSKRWRJUDSKVRIWKHVDPSOHVDIWHULPPHUVLRQWHVWDUHVKRZQLQ)LJ 9LVXDOO\LWFDQEHVHHQ WKDW WKH
SRO\PHU FRDWHG VDPSOHV H[KLELWHG EHWWHU GHJUDGDWLRQ EHKDYLRXU FRPSDUHG ZLWK FKHPLFDOO\ WUHDWHG VDPSOHV
1XPHURXV SLWV DQG ODUJH KROHV ZHUH REVHUYHG RQ WKH VXUIDFH RI WKH FKHPLFDOO\ WUHDWHG VDPSOHV )LJ  VKRZV
PHDVXUHGZHLJKWORVV DQGFDOFXODWHGFRUURVLRQUDWH RI WKH VDPSOHV 1DQRILEURXV 3&/FRDWHGVDPSOHVKDYHH[FHOOHQW
FRUURVLRQUHVLVWDQFHFRPSDUHGZLWKFKHPLFDOO\WUHDWHGVDPSOHV7KHSRO\PHUFRDWLQJKDVDFWHGDVDSURWHFWLYHOD\HU
LQ WKH FDVH RI QDQRILEURXV 3&/ FRDWHG VDPSOHV ZKLFK UHVXOWHG LQ ORZHU GHJUDGDWLRQ UDWH 7KH FRUURVLRQ UDWHV
FDOFXODWHGIURPWKHZHLJKWORVVPHDVXUHPHQWVVSHFLILFDOO\H[SODLQVWKHSURIRXQGHIIHFWRIWKHFRDWLQJLQFRQWUROOLQJ
WKHFRUURVLRQUDWHRI$=0JDOOR\7KHFRUURVLRQUDWHRI3&/FRDWHGVDPSOHVZDVQHDUO\ILYHWLPHVORZHUWKDQWKH
FKHPLFDOO\ WUHDWHG VDPSOHV DIWHU  GD\V RI LPPHUVLRQ ,QWHUHVWLQJO\ WKH LQFUHPHQW LQ FRUURVLRQ UDWH IRU SRO\PHU
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FRDWHGVDPSOHVGXULQJGD\VRILPPHUVLRQLV ORZHUFRPSDUHGZLWKFKHPLFDOO\WUHDWHGVDPSOHDVVKRZQLQ)LJ
E
)LJ  6(0 REVHUYDWLRQVDQG('6DQDO\VLVRIWKHVDPSOHVDIWHULPPHUVLRQWHVW DFKHPLFDOO\WUHDWHGVDPSOHDIWHUGD\E3&/FRDWHGVDPSOH
DIWHUGD\FFKHPLFDOO\WUHDWHGVDPSOHDIWHUGD\VG3&/FRDWHGVDPSOHDIWHUGD\V
)LJ  7\SLFDOSKRWRJUDSKVRIWKHVDPSOHVDIWHULPPHUVLRQWHVWQDQRILEURXV3&/FRDWHG$=PJDOOR\DIWHU DGD\ EGD\V FGD\V
DQG GGD\VFKHPLFDOO\WUHDWHG$=PJDOOR\DIWHUHGD\IGD\VJGD\VDQGKGD\V
&RQWDFWDQJOHPHDVXUHPHQWVRI WKHVDPSOHV LQGLFDWH WKHK\GURSKLOLFQDWXUHRIDQQHDOHG$=VDPSOH7\SLFDO
SKRWRJUDSKVRIWKHZDWHUGURSOHWVRQWKHVXUIDFHRIWKHVDPSOHVDUHVKRZQLQ)LJ$IWHU WKHFKHPLFDOWUHDWPHQW
FRQWDFWDQJOHZDVUHGXFHGLQGLFDWLQJDQLQFUHDVHLQWKHK\GURSKLOLFLW\ 7KH K\GUR[LGHOD\HUGHYHORSHGRQFKHPLFDOO\
WUHDWHG VDPSOHV LV WKH UHDVRQ IRU LQFUHDVH LQ ZHWWDELOLW\ %XW 3&/ FRDWLQJ GHFUHDVHG WKH ZHWWDELOLW\ RI $=
PDJQHVLXP DOOR\ VLQFH 3&/ LWVHOI LV D K\GURSKRELF SRO\PHU $OWKRXJK K\GURSKLOLF VXUIDFHV DUH JHQHUDOO\
SUHIHUDEOHIRUEHWWHUFHOODGKHVLRQWKHFRQWUROOHGGHJUDGDWLRQRIJUDLQUHILQHGPDJQHVLXPKDVVKRZQWRHQKDQFHFHOO
YLDELOLW\ 3XOHR HWDO 5DWQD6XQLO HWDO  $GGLWLRQDOO\3&/FRDWHGVDPSOHVDOVRH[KLELWHGH[FHOOHQW
FRUURVLRQUHVLVWDQFHFRPSDUHGZLWKDOORWKHUVDPSOHV
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)LJ  ,QYLWUR GHJUDGDWLRQEHKDYLRXURIWKHVDPSOHVDZHLJKWORVVDQGEFRUURVLRQUDWH
)LJ 7\SLFDOSKRWRJUDSKVRIZDWHUGURSOHWVRQWKHVXUIDFHRIWKHVDPSOHVDDQQHDOHG$=EFKHPLFDOO\WUHDWHG$=DQGF QDQRILEURXV
3&/FRDWHG$=
7KH UROH RI QDQRILEURXV 3&/ FRDWLQJ RQ WKH GHJUDGDWLRQ FRQWURO RI $= 0J DOOR\ FDQ EH H[SODLQHG E\
FRQVLGHULQJWKHFRUURVLRQPHFKDQLVPRIPDJQHVLXPLQSK\VLRORJLFDOVROXWLRQV0DJQHVLXPK\GUR[LGH0J2+LV
SURGXFHGZKHQPDJQHVLXPLV LPPHUVHG LQ6%)7KLV VHOISURWHFWLQJ OD\HU LVXQVWDEOH LQ WKHSUHVHQFHRIFKORULGH
LRQVDQGPDJQHVLXPFKORULGHLVIRUPHG ZKLFK OHDGVWRUDSLGGHJUDGDWLRQRIPDJQHVLXP'HOD\LQJWKHIRUPDWLRQRI
PDJQHVLXPFKORULGH LV RQHRI WKHEHVWZD\V WR UHGXFH WKHGHJUDGDWLRQRIPDJQHVLXP LQSK\VLRORJLFDOFRQGLWLRQV
%\SURYLGLQJDSRO\PHUEDUULHURQPDJQHVLXPVXEVWUDWHZLWKRSWLPXPVXUIDFH PLQHUDOL]DWLRQSURSHUWLHV FRQWUROOHG
GHJUDGDWLRQ FDQEHDFKLHYHG 7KHSUHOLPLQDU\VWXGLHVKDYHVKRZQSURPLVLQJUHVXOWVDQGORQJUXQEHKDYLRXURIWKH





LPPHUVLRQ WHVW LQ 6%) DQG GHJUDGDWLRQ UDWH RI FRDWHG VDPSOHV ZDV IRXQG WR EH FRQWUROOHG FRPSDUHG ZLWK WKH
FKHPLFDOO\ WUHDWHG VDPSOHV 7KH FRUURVLRQ UDWH ZDV FDOFXODWHG EDVHG RQZHLJKW ORVV RI WKH VDPSOHV 1HDUO\ ILYH
WLPHV ORZHU FRUURVLRQ UDWH ZDV REVHUYHG IRU WKH SRO\PHU FRDWHG$=0J DOOR\ FRPSDUHG ZLWK WKH FKHPLFDOO\
WUHDWHG VDPSOHV $OWKRXJK ZHWWDELOLW\ ZDV UHGXFHG IRU 3&/ FRDWHG VDPSOHV LW LV DQWLFLSDWHG WKDW FRQWUROOHG
GHJUDGDWLRQ PD\ HQKDQFH FHOO YLDELOLW\ +HQFH HOHFWURVSXQ QDQRILEURXV FRDWLQJ RQ 3&/ FDQ EH DGRSWHG IRU
GHYHORSLQJPDJQHVLXPEDVHGGHJUDGDEOHLPSODQWV
5HIHUHQFHV
+XDQJ =0< = =KDQJ0.RWDNL 65DPDNULVKQD  $ UHYLHZ RQ SRO\PHU QDQRILEHUV E\ HOHFWURVSLQQLQJ DQG WKHLU DSSOLFDWLRQV LQ
QDQRFRPSRVLWHV &RPSRVLWHV 6FLHQFHDQG7HFKQRORJ\ ±
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.RNXER 77DNDGDPD+  +RZXVHIXOLV6%)LQSUHGLFWLQJLQYLYRERQHELRDFWLYLW\ %LRPDWHULDOV 
.XQMXNXQMX 6DQJHHWKD$EKLMLW5R\0DGKXPDWL5DPDQDWKDQ%RHXQ/HH-RH(&DQGLHOOR 3UDVKDQW1.XPWD $OD\HUE\OD\HUDSSURDFK
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 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İ
FDSURODFWRQH6\QWKHVLVDQGFKDUDFWHUL]DWLRQ 0DWHULDOV/HWWHUV  
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0DWHU0HG ±
3XOHR'$1DQF\$8QGHUVWDQGLQJDQGFRQWUROOLQJWKHERQHLPSODQWLQWHUIDFH%LRPDWHULDOV 
5DWQD6XQLO % $UXQ$QLO.XPDU766DPSDWK.XPDU8GD\&KDNNLQJDO  5ROHRIELRPLQHUDOL]DWLRQRQWKHGHJUDGDWLRQRIILQHJUDLQHG
$=PDJQHVLXPDOOR\SURFHVVHGE\JURRYHSUHVVLQJ0DWHULDOV 6FLHQFHDQG (QJLQHHULQJ &  ±
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±
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:LWWH)+RUW19RJW&&RKHQ6.DLQHU.8:LOOXPHLW5)H\HUDEHQG)'HJUDGDEOHELRPDWHULDOVEDVHGRQPDJQHVLXPFRUURVLRQ&XUU
2SLQ6ROLG6WDWH0DWHU6FL 
;X/ =KDQJ(<LQ'=HQJ 6<DQJ. ,QYLWUR FRUURVLRQEHKDYLRXURI0JDOOR\V LQDSKRVSKDWHEXIIHUHG VROXWLRQ IRU ERQH LPSODQW
DSSOLFDWLRQ-0DWHU6FL0DWHU0HG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